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In view of this situation we thought that the effect of a meal on the electrocardiogram held some promise as a clinical test procedure. Preliminary studies"' 11 showed greater electrocardiographic changes after a meal in patients than in normal subjects.12' 13 The stress produced by a moderate meal is mild and only repeats a situation which every person experiences in every-day life. The effect does not depend on the composition of the meal or its caloric content within fairly wide ordinary limits. Moreover, no significant trend in the changes was observed between 20 and 60 minutes after the meal.12 METHOD Procedure. Electrocardiograms of 99 patients were taken before, and twenty to thirty minutes after, a meal of about 1,200 calories. In several patients additional electrocardiograms were taken. In all patients the three standard leads and CF4 or V4 were taken and in about half of the patients V,, V2 and V6 were also recorded. In a few cases, unipolar limb leads were also used. The spots for the From location of the chest electrodes were marked. The meal was given at noon (lunch) or in the morning (breakfast); in the first case the test was made at least three hours after a light breakfast of 200-300 calories, and in the latter case the patients came Without breakfast to the laboratory. No smoking was allowed before O01 after the meal.
Method of Evaluation. The electrocardiographic items for each patient were compared with the normal standards obtained in 66 normal subjects (12 younger men, 42 older men, 12 older women) 12' 13 Two criteria were used for differentiation be-t\-een a normal and abnormal response of the electrocardiogram to a meal: the response wras considered to be abnormal (1) when, according to accepted standards,14 it was normal or borderline before the meal but abnormal after the meal;
(2) when the changes exceeded the expectancy range for 98 per cent of the normal population.13
In normal subjects it was found that the changes of CF4 or V4 were very similar,"3 so that the normal standards for V4 may also be applied for CF4.
Patients. All patients were ambulatory and in a state of apparent compensation at the time of the test. Most of them were between 40 and 60 years of age. About half of the patients (45) were members of a large experimental group of 500 subjects presently under study of this Laboratory l5 In 29 patients, the electrocardiograms were the only abnormal (or borderline) findings of a thorough physiologic and clinical examination. Thus, the majority of our patients were in an incipient phase of cardiovascular degeneration, except a group of 23 patients with diagnosed corona'y insufficiency,.
The patients were grouped into six major categories: (I) Suspected coronary insufficiency (16 patients). (II) Coronary insufficiency (23 patients).
(III) Arterial hypertension (21 patients). (IV) Patients with miscellaneous cardiac pathology other than coronary insufficiency or hypertension (6 patients). (V) Patients with borderline electrocardiogrami, but clinically normal (10 patients). (VI) Patients with abnormal electrocardiogram, but clinically normal (23 patients).
All patients of Group I had episodes suggestive of coronary insufficiency, but the electrocardiogram (before meal) wvas normal (11 patients) or borderline (5 patients). Two of these patients had arterial hypertension.
Group II consisted of patients with definite coronary insufficiency, including 9 patients with healed myocardial infarct and little or no complaints at the time of the test. The electrocardiograms of all 23 patients were abnormal, mostly showing nonspecific T and S-T segment changes. Two of these patients had left bundle branch block. In Group III (total 21), the electrocardiogram was normal in 6, borderline in 2, and abnormal in 13 patients. Left ventricular strain pattern was present in 6 patients. One patient had left bundle branch block. As to the degree of hypertension, 5 were classified as mild, 11 as moderate, and a as severe.
Group IV was small (6 patients) and heterogeneous, including one case of aortic aneurism, one of aortic insufficiency and one of cardiac neurosis.
Out of 10 clinically normal patients with borderline electrocardiograms (Group V), 6 had a Q3wave preceded by a tiny R and followed by a larger R'.
However, in 5 of thenm there was no abnormal Q wave in Lead VF, while one patient had a borderline Q wave in this lead.
Group VI included 8 Figure 3 shows major changes of the T wave in CF2 and CF4 toward normality associated with an S-T depression in Lead II, and an exaggerated increase of the heart rate. The patient experienced marked discomfort after the meal, which was relieved by nitroglycerin, together with disappearance of the S-T2 depression and reduction of the heart rate to normal.
An increase of an abnormal Q wave in Lead CF4 associated with a late dip of the T1 wave, is shown in figure 4 (Patient Hi). An increase of the Q wave is rare, and was observed only in patients with coronary insufficiency.
Iilcidence of Abnormal Responses in Various Clinical Groups. The incidence of abnormal responses was surprisingly high; 75 out of 99 patients showed abnormal changes of one or another type. Table 1 shows the incidence of the most frequently observed types of abnormal response in the six clinical groups. Changes of the T wave, of the S-T segment, and of the heart rate are the most important electrocardiographic items for investigation of meal effects. The number of items listed is cumulative; most patients showed an abnormal response in more than one item.
As a whole, Group II (coronary insufficiency) represents a more advanced phase of myocardial involvement than Group I (suspected coronary insufficiency). The incidence of abnormal responses for the whole group as well as the number of abnormal items per patient having an abnormal response (table 1, last column) is somewhat higher in Group II than in Group I. The number of abnormal responses per patient was substantially lower in the patients of Groups V and VI, who were probably in an initial phase of myocardial involvement, since they were clinically normal. Thus, the results show a trend towards greater incidence of abnormal responses with the degree of myocardial involvement. Also, comparison of patients of Group III with normal and abnormal electrocardiogram (table 2) shows a similar trend.
In the limb leads a decrease of the T wave (change towards negativity) was much more frequent than an increase (table 1), while in V4 (or CF4) increase and decrease are about equally frequent. The incidence of increases was greatest in Group II. An abnormal T-axis shift occurred more frequently in patients with arterial hypertension (Group III) than in any other group. Association of Various Abnormal Responses. Table 2 shows the number of patients with abnormal changes of the T wave, heart rate, and S-T segment, and the association of such changes with one another and with other (not classified) abnormal responses. No breakdown is made as to the direction of change (increase or decrease); the figures in table 2 refer to the number of patients with any type of abnormal response in the given item.
Of 75 patients with abnormal responses to a meal, 54 had abnormal T-wave changes, and in about half of this number the T-wave change was the only abnormal electrocardiographic item. Abnormal T-wave changes were most frequently associated with other abnormal responses in patients with coronary insufficiency (Group II). Association of T-wave changes was more common in patients of Group III with abnormal electrocardiogram than in patients of the same group with normal electrocardiogram.
The change of the heart rate was abnormal in 38 patients, and associated with other abnormal changes in 22 patients. It is of interest that no isolated S-T changes were observed. Incidence of Abnormal Responses in Various Electrocardiographic Patterns. Table 3 shows the incidence of abnormal electrocardiographic changes in groups classified according to the electrocardiographic pattern before meal. In 18 patients with borderline electrocardiogram, 6 cases with "suspicious Q3" were included, i.e., a downward deflection preceded by a tiny R, and followed by a larger R'. In only one of these cases was a possibly abnormal Q noted in Lead VF. The 12 remaining borderline cases showed a much higher incidence of abnormal changes. This is confirmatory to the impression, gained from VF, that a downward deflection in Lead III preceded by a tiny R is probably not abnormal. Also, the incidence of abnormal responses in 25 patients with nonspecific S-T segment or T changes is very high voltage typet than it was in LVP of the S2 type.
Abnormal changes of the QRS complex were observed only in 7 cases which contrasts with the large number of abnormal T-wave changes.
This discrepancy implies that the T-wave changes were primary'7' 18 (nonphysiologic) and associated with changes of the ventricular gradient. This was also true for the T-wave changes after a meal in normal people.'2 '3 Patients with A-V Block and Bundle Branch = Block. Our group included 5 cases with a P-R interval exceeding 0.22 second. Table 4 shows that, with the exception of one case, the P-R intervals were substantially shorter after the meal, so that in 3 patients the P-R interval was within normal limits after the meal. Although the group is small, the uniformity of response should not be ignored.
by means of the meal test appears to be high, but this, of course, will depend on the selection of the group and the definition of "suspected coronary insufficiency," which is arbitrary to a high degree.
In 2 instances the meal test revealed more generalized involvement in patients with minor abnormalities in the electrocardiogram before Incr. Decr. l Incr. The response of 4 patients with bundle branch block was less uniform, which is not surprising, since left bundle branch block may obscure even the occurrence of infarct. Abnormal changes were observed in 3 patients, one of which is demonstrated in figure 5 .
Conversion of Previously Normal to Abnormal Electrocardiogram. One of the main purposes of the use of stress situations for diagnosis is the detection of latent involvement. The conversion of a normal or borderline electrocardiogram to an abnormal electrocardiogram after the meal could be regarded as a positive test result in that sense. Table 5 shows the number of patients with normal and borderline electrocardiograms before meal, which became abnormal after the meal. The 5 patients of Group V with "suspicious" Q3, but probably within normal limits, were not included. The total incidence of abnormal electrocardiograms after the meal is high (about 50 per cent), but mainly on account of patients with suspected coronary insufficiency (Group I). Therefore, the chance of discovering latent changes in patients with suspected coronary insufficiency (fig. 6 ), the P-R interval was prolonged before the meal; since the prolongation is slight, the importance is questionable in the absence of other abnormalities. After the meal, the P-R interval was shortened (cf. table 5), but this was associated with S-T2 depression and a diphasic, mainly negative T2.
Corroboration of Tentative Interpretation of Basal Electrocardiogram. The meal test also appears to be valuable when a tentative interpretation can be made more definite. The elec- fig. 6 ). After the meal, a definite left ventricular strain pattern appeared in VF of Patient 282 ( fig. 7) , while the standard leads in both patients showed-a right ventricular strain of coronary insufficiency. The meal test was made after the T wave had become normal and reproduced an earlier phase of recovery with abnormal T waves. In 2 patients, after the meal a pulsus bigeminus reappeared, which was found on former and later occasions before the meal but was absent on the day of the meal test. The appearance of the pulsus bigeminus was associated with .abnormal T waves in Lead I or CF4. DISCUSSION Possible Mechanism of Jieal Effects. The stress produced by eating a meal is very small in terms of oxygen transport, compared to the mildest physical exercise. It was assumed, 12 13 therefore, that the changes of the electrocardiogram after a meal in normal people cannot be due to the increase of load in terms of oxygen consumption, and the same is true for most cardiac patients. It is also unlikely that the changes after meal are due to myocardial anoxia in normal people, though this might be different in some patients. In 2 patients who experienced discomfort after the meal a pronounced S-T depression, reversed by nitroglycerin, was interpreted as indicative of transient coronary insufficiency. In any event, the mechanism of meal effects must be different from that involved in exercise or anoxia tests. The high incidence of abnormal electrocardiographic re-;sponses after a meal in various groups of cardiac patients shows that interference with the normal mechanism of mediation of cardiac meal effects is so common in most types of myocardial involvement that it may be used for diagnostic purposes.
Significance of Heart Rate and T-wave Changes. Abnormal changes of the heart rate are, according to incidence, the second most important item, but they are subject to emotional interference. Furthermore, noncardiac pathology may produce an abnormal response of the heart rate, though actual information is not yet available.
In women a decrease of the heart rate must exceed 5 beats per minute to be called abnormal, but a decrease of such magnitude was not observed in our group.
Of the various abnormal changes, the T-wave changes are the most important in regard to incidence and significance. The results of follow-up observations in 16 patients over a period from one to three years after the meal test seem to support the significance of T-wave changes. Eight patients with suspected or definite coronary insufficiency, who had abnormal changes in the T wave after a meal, continued to have angina pectoris or showed electrocardiographic evidence of progressive myocardial involvement, and 2 had subsequent coronary thrombosis. Of 4 patients of these groups who had a normal response or an abnormal response only of the heart rate, 3 showed no further development. We wish to emphasize, however, that the material is too small for any definite conclusion.
The Meal Test and Other Stress Tests in Electrocardiography. According to Burchell and associates,7 a positive anoxia test may be expected in about 50 per cent of patients with coronary sclerosis. It seems surprising that the incidence of positive meal tests exceeds the incidence of positive anoxia tests, although induced anoxia is a more severe stress situation than the intake of moderate meals. However, the criteria for the induced anoxia test are qualitative rather than quantitative. No normal standard material is available for the anoxia test comparable to that for the meal test.'3 It seems safe to expect that the incidence of positive results would be higher for the anoxia test if such material were available for quantitative comparison of patients. Also, the necessary selection of patients for the anoxia tests is bound to decrease the incidence of positive results. Since the physiologic basis of the meal test is different from that of exercise or anoxia tests, they are supplementary.
Problems of interpretation and application. It is suggested that the meal test be used in clinical routine but with caution in interpretation. In general, it may be assumed that an existing suspicion of myocardial involvement will be strengthened by a positive meal test. The validity of using changes of normal subjects as the basis for predictions in patients may be questionable. It seems reasonably safe, however, to use the expected normal limits of changes, when the change occurring after the meal is in the direction of greater abnormality. We are on less safe ground with changes in the direction towards greater normality. However, a gross change towards normality after the meal, for instance a reversal of the direction of abnormal inverted T waves, was considered as abnormal response. In a similar way, reversal in the direction of abnormal T w-aves after exercise is also interpreted as abnormal response s However, such interpretation might not be correct for minor changes towards normality, but this was rare in our group (2 cases). Of the two criteria used, the first (conversion of normal to abnormal) revealed abnormal responses in 30 out of 75 cases. Both criteria do not exclude one another, and the comparison with the 98 per cent range limits (second criterion) was used in every case. Since the normal changes in several items are comparatively large, the second criterion was as valuable to exclude as to prove an abnormal response.
Our group of patients is preselected in regard to age distribution as well as to clinical involvement. The most important involvement (suspected or manifest) in our group is coronary insufficiency, and the interpretation of our results depends naturally on the composition of our group. It is quite possible that the meal might produce other patterns of response in other types of myocardial involvement, or a different incidence of abnormal responses in the same groups, dependent on chance distribution and definition of clinical groups. SUMMARY 1. The effect of an ordinary meal on the electrocardiogram of 99 cardiac patients was compare(l to the effect in normal people. The patients were subdivi(led into six clinical groups: (I) suspected coronary insufficiency;
(II) coronary insufficiency; (III) arterial hypertension; (IV) miscellaneous myocardial involvement; (V) borderline electrocardiogram, clinically normal; (VI) abnormal electrocardiogram, clinically normal.
2. The incidence of abnormal responses was high for all groups (75 per cent of the total group), but there was a tendency toward appearance of multiple abnormal changes with increasing myocardial involvement.
3. Abnormal changes were most frequently observed in the Tw'-avre especially a decrease (or inversion) of T1, T2, -I4 or 1 T, but also abnormal increases of the T wavre were observed.
